


SAA3049 





Replacement 


a microcontroller-based RC5 decoder 


Sadly enough, the popular Philips SAA3049 remote control decoder IC is 
no longer available. No semiconductor foundry offers a replacement type, 
probably because nowadays remote-control decoding in consumer 
electronics is performed by customer-specific microcontrollers. We can do 


the same ourselves! 
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The number of ICs that have been specifically 
developed for decoding infrared messages is 
significantly less that the number of available 
transmitter ICs. This is because there is often 
already a microprocessor in the receiving 
device, and it can handle the decoding ‘on the 
side‘. Depending on the application, a certain 
amount of supplementary logic is always nec- 
essary to integrate a decoder IC into a circuit, 
and this contributes to cost and space prob- 
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lems. Modern microcontrollers can 
handle this task just as well or better, 
and they only cost around 50 pence 
each in large quantities. 

The SAA3049, which has long 
been a popular IC for decoding RC5 
and RECS80 remote control signals, is 
also based on a microcontroller, and 
it needs only a 4-MHz crystal and an 
infrared receiver as external circuit 
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elements. However, some additional 
components, such as flip-flops, are 
often needed to handle the switching 
tasks necessary to enable the 
remotely controlled device to process 
the decoded data. Besides this, the 
SAA3049 is not exactly blessed with 
an abundance of outputs. 

Philips have now deleted the 
SAA3049 from their product line. 
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Features 


— Decodes RC5 and RECS80 signals 
— Configurable receiver address 


— Addressing options: the address function can be disabled if desired, allowing the 


circuit to respond to all addresses 


— Commands can be output in binary or decimal (reduced) format 
— Analysis function for transmission protocol 


— Six direct, switched outputs available 


— Switched outputs can operate in latched or momentary mode 
— Serial output for connecting up to 64 outputs 


— Command Enable signal available 
— No oscillator circuitry necessary 
— No reset circuitry necessary 


The receiver / decoder circuit presented here works with 


the following transmitter ICs: 


RCS5 code: SAA3006, SAA3010 (Philips) 
HT6230 (Holtek) 
PT2211 (Princeton) 
RECS80 code: 


SAA3004, SAA3007, SAA3008 (Philips) 


M3004, M3005, M3006 (ST Microelectronics) 


This makes it very difficult for non- 

industrial users who do not have any 

programming experience to put 

together remote-control systems. In 

the process of developing an alter- 

native to the SAA3049, we can also 

take the opportunity to make a few 

‘incidental’ improvements that elim- 

inate some of its drawbacks: 

— no need for a 4-MHz crystal 

— no need for extra circuitry to han- 
dle switching tasks 

— no need for external reset cir- 
cuitry 

— more outputs 
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An existing remote control unit for a 
television set, video recorder or 
stereo system can serve as the 
transmitter, or a ‘bargain bin’ unit 
can be used. If you don’t know for 
sure which format your transmitter 
sends, we recommend building the 
remote control analyser described in 
the October 2001 issue of Elektor 
Electronics. 


The microcontroller 


The SAA3049 replacement is based 
on an 87LPC764 microprocessor. This 
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Figure |. Corruption of the pulse length of a test signal, as measured at the output 


of a photodetector module. 
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IC is a member of the 8051 family with 2 to 4 
kB of OTP ROM program memory. The desig- 
nation ‘LPC’ in the type number stands for 
‘low price, low power and low pin count’. 
Besides rapid instruction processing, it fea- 
tures an on-board RC oscillator and reset 
logic. This saves pins and gives the user 
access to up to 18 I/O lines. 

The internal RC oscillator clocks the CPU at 
approximately 6 MHz, so one cycle lasts 1 us. 
This is fast enough to reliably read RC5 codes. 
The tolerance range for the oscillator frequency 
is the reason why all of the times specified for 
this circuit can vary by as much as +20%. 

A summary of the major features of the 
microcontroller is provided in the ‘87LPC764 
Short-Form Specifications’ box. Additional 
specifications and the complete data sheet 
can be downloaded via the Internet from the 
Philips website at 
Wwww.semiconductors.com/pip/P87LPC764.html. 
The complete data sheet can be found at 
www.semiconductors.com/acrobat/datasheets/ 
87LPC764_10.pdf. 





The software 


In developing the software, special attention 

was given to dependable decoding. In accor- 

dance with the motto ‘everything is possible 

with software’, suitable programming rou- 

tines are used to ensure that commands are 

recognised and extraneous protocols and 

interference are filtered out. For instance, the 

following checks are performed for the RC5 

code: 

— pulse length verification 

— multiple signal sampling 

— the two half-bits are different 

— command value less than ‘64’ 

— matching of message address and config- 
ured address 


It is normally not particularly difficult to read 
a remote-control message. However, if the 
microcontroller is clocked by an RC oscillator, 
the frequency of the oscillator may vary over a 
range of +20%. An additional source of timing 
errors is pulse length corruption from the pho- 
toreceiver module, as can be seen using the 
Vishay TSOP12xx module as an example. The 
chart in Figure 1 shows the possible range of 
variation of the output pulse length as a func- 
tion of radiated signal strength, for a test signal 
that is switched on and off for exactly 600 ws. 
The timing corruption can be as large as 100 
Us, which is quite significant and must be 
taken into account by the software. 

It is thus not sufficient to simply synchro- 
nise to the signal at the start of the message 
and then sample the signal level at fixed inter- 
vals for the rest of the message. With such a 
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scheme, the sampling times would 
be totally false by the time the mid- 
dle of the message was reached, if 
not sooner. For this reason, the soft- 
ware resynchronises to individual 
bits several times during the mes- 
sage, in order to circumvent prob- 
lems arising from timing variations. 


The circuit 


At first glance, the circuit of the 
SAA3049 replacement shown in Fig- 
ure 2 appears to be rather exten- 
sive. However, on closer examination 
it proves to consist of little more than 
an IR receiver, a microcontroller and 
a set of serial-to-parallel converters 
providing up to 64 switched or pulse 
outputs. 


Infrared reception 

The infrared radiation, which is mod- 
ulated using a 36 or 38 kHz carrier 
frequency, is received by the pho- 
todetector module IC3. Several dif- 
ferent types of IC can be used here, 
but the pinout of the type used must 
be carefully observed when fitting it 
to the board. 

IC3 is a miniaturised receiver that 
can be used somewhere in the fre- 
quency range of 30-50 kHz, depend- 
ing on the particular type employed. 
The receiver diode and amplifier 
stages are integrated into a single 
IC, so no external circuitry is neces- 
sary. The demodulated signal can be 
directly processed by a microcon- 
troller. The special features of this IC 
are reliable operation, even in a 
noisy environment, and suppression 
of undesired output pulses. 

The coded signal is fed directly 
(in inverted form) to the microcon- 
troller (IC1) for decoding. R10 and C4 
form a low-pass network that iso- 
lates the receiver IC from noise on 
the supply line. These components 
are essential, since the IC responds 
to noise spikes with a drastic reduc- 
tion in sensitivity. 


Setting the address 
The address to which the chip is 


Figure 2. The actual RC5 receiver 
consists of the IR module, the 
microcontroller and the DIP switches. 
The shift registers are optional. 
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Figure 3. The 74HC595 consists of two banks of eight cascaded flop-flops. 


87LPC764 Short-Form Specifications 


— Supply voltage: 2.7-6.0 V 

— Instruction cycle: 300-600 ns/ 20 MHz 

— RAM: 128 bytes 

— ROM: 2 or 4 kBytes (87LPC764) 
— 2 timers 


— 2 analogue comparators with integrated |.23-V reference 


— Full-duplex UART 
— 12C communication port 


— 2 external interrupts and 8 keypad interrupts 


— Watchdog with separate oscillator 
— On-chip power-on reset 
— Undervoltage reset 


— Internal RC oscillator with no external circuitry, 


or crystal oscillator with capacitors 


— Programmable port configuration, quasi-bidirectional: — open drain 


— Serially programmable 
— Idle and power-down modes 


supposed to respond, which is con- 
tained in the message, is set using 
pins P0.0 through P0.4. The five DIP 
switches can select up to 32 differ- 
ent addresses. An open switch cor- 
responds to a logic ‘1’, since the 
microcontroller has internal pull-up 
resistors. If all of the switches are 
closed, all of the pins are tied to 
ground (address 00000). Since the 
RECS80 code defines only seven 
addresses, only the levels on pins 
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— push-pull 
— input only 


P0.0 through P0.2 are evaluated for 
this code. 


Command enable 

Port pin P1.2 will be active (Low) for 
approximately 65 ms when a valid 
message has been read. This signal 
can trigger subsequent peripheral 
circuitry, for example if the binary 
command data are evaluated by sub- 
sequent logic. However, this function 
can also be utilised to visibly indi- 





cate receipt of a message, by means of an 
LED. This pin is configured as an open-drain 
output, so it may be necessary to connect a 
pull-up resistor, for instance if the signal is to 
be displayed on an oscilloscope. 


Settings 


The operating mode can be programmed via 
one jumper and two DIP switches connected 
to port pins. 


P2.0: Code select 

In the case of the SAA3049, the circuitry pre- 
cisely controls how the IC responds to the 
two codes (RC5 and RECS80). With the origi- 
nal decoder IC, this is communicated using a 
dedicated code-select pin, but the replace- 
ment design must resort to software tricks, 
since it does not have any spare pins. Here 
port P2.0, whose normal function is to provide 
serial output data to the subsequent hard- 
ware, must perform a dual role. 

When the program is started, this pin is 
switched to the input configuration with an 
internal pull-up resistor. The software then 
polls the level on the pin. If the jumper is fit- 
ted, the level will be Low, selecting the 
RECS80 mode. If the jumper is not present, 
the level will be High, selecting the RC5 
mode. After the level has been read, the pin 
is switched to the output configuration, using 
the push-pull option to prevent R9 from affect- 
ing the logical data levels. 


P1.7: Switched / binary output 

This pin also has an internal pull-up resistor. 
With a High level, the switched output mode 
is enabled, causing the output pins to 
respond directly to commands 0 through 5 of 
the infrared remote control unit. This gives 
the following relationship: 


Command 0: Pin P0.5 (A) 
Command 1: Pin P0.6 (B) 
Command 2: Pin P0.7 (C) 
Command 3: Pin P1.0 (D) 
Command 4: Pin P1.1 (E) 
Command 5: Pin P1.4 (F) 


Pressing a button thus changes the logical 
state of the associated pin. 

If a logical Low level is present on P1.7, 
the binary value of the command is made 
available on outputs A-F, similar to the out- 
puts of the SAA3049. 


P2.1: Latched / momentary output 

This pin also has an internal pull-up resistor. 
When the applied level is High (P2.1 open), 
the outputs operate in latched mode. Other- 
wise they change states for only approxi- 


45 





mately one second after a button press and 
then return to their original states (High by 
default). This corresponds to monostable 
operation. If a button is held depressed, the 
associated output stays Low as long as the 
button remains pressed. 


COMPONENTS LIST 


Resistors: 
RI,R2,R9 = 1kQ 
R3-R8 = 820Q 
RIO = 100Q 


Capacitors: 
C1,C3,C5 = 100nF 
C2,C4 = |00uF | 6V radial 


Semiconductors: 

DI-D6 = LED, red, low current 

ICI = 87LPC764BN, programmed, order 
code 020085-41 

IC2 = 7805 

IC3 = IR receiver module SFH5510, 
PIC2604SM, TFM5360 or similar 

IC4-ICI 1 = 74HC595 


Miscellaneous: 

JPI = jumper 

S| = 8-way DIP switch 

PCB, order code 020085-1 

Disk, source and HEX code, order code 
020085-11 or Free Download 


Serer: 


O >8V ACZ C2 


aahi 


C4 R3 R4 R5=R6 ah 






Figure 4. The circuit board layout is uncomplicated. 
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Applications 


Among the multitude of potential 
applications, we can choose four 
examples for examination. 


A simple remote control system 
Here address pins P0.0-P0.4 are left 
open, so the address of the remote 
control unit does not matter. Each 
time one of the buttons 1 through 6 
is pressed, the corresponding output 
changes state. The CA signal on pin 
P1.2 is activated each time a com- 
mand is received. The outputs can- 
not source more than 1 mA, but they 
can sink up to 20 mA in the Low 
state. 


Address / command analyser 

To determine which RC5 address a 
remote control unit transmits and 
the relationship between the com- 
mands and the buttons, first connect 
the coding input (P1.6) to ground. 
Leave all of the address inputs open. 
The address and command data will 
be output in binary form. When the 
program is started, a check will be 
made to see whether the address 
inputs are actually open. They can- 
not be checked any more after this, 
since it will only be possible to read 
the states of the output latches, and 
they will be set to the value of the 
output address. 


GOO. 0.0.0.0 010.010.0.0.0.0.0.010.0.00.0.00 010000000 XAA 


The output levels can be checked 
using an oscilloscope, voltage tester 
or logic tester. In the analysis mode, 
all of the outputs operate in latching 
mode, regardless of the settings of 
the other configuration inputs. In no 
case may any of address inputs 
P0.0-P0.4 be connected to ground in 
this operating mode, since this could 
produce a short circuit. All relevant 
pins are active Low. The combina- 
tion of address 4 (binary 00100) and 
command 7 (binary 000111) thus 
yields the following levels: 





Door opener 

In this application, a switched output 
is to be momentarily activated when 
a button is pressed. This requires the 
outputs to be operated in the retrig- 
gerable monostable mode. 
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Remote Control Code Specifications 


The RC5 code 

The RCS standard, which is widely used in Europe for infrared 
data transmission, was developed by Philips. This code can trans- 
fer 2048 different commands, divided into 32 addressable groups 
of 64 commands each. In this system, each device is assigned its 
own address, so only the desired device responds to a particular 
command (for instance, the loudness of your stereo system will 
not be affected when you adjust the loudness of your television 
set). The transmitted code consists of a 14-bit data word organ- 
ised as follows: 


— 2 start bits for setting the AGC (automatic gain control) level of 
the receiver IC 

— | toggle bit to mark the start of a new command 

— 5 system address bits 

— 6 command bits 


The value of the toggle bit changes each time a new button is 
pressed, to make it possible to distinguish between pressing the 
same button again and holding a button pressed. The toggle bit is fol- 
lowed by five address bits, which indicate which device should 
respond to the command. Finally, the actual command is transmitted. 
With the RC5 code, the commands are bi-phase coded, with each 
bit consisting of two half bits having opposite values. The combina- 
tion Low/High marks a set bit (‘ 1°), while the combination 
High/Low marks a reset bit (‘0’). The period of each bit is 1.776 
ms, which yields a total period for one message of 24.889 ms. The 
RC5 code is used by many manufacturers of entertainment elec- 
tronics equipment, including Loewe, Philips, Grundig and Marantz. 
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RC5 device codes 


System address Binary Device 

0 00000 TVI 

l 00001 TV2 

2 00010 Videotext 

3 0001 I Extension for TV| and TV2 
4 00100 Laser Vision player 

5 00101 Video recorder | (VCRI) 
6 00110 Video recorder 2 (VCR2) 

7 00111 Reserved 
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8 01000 SATI 

9 01001 Extension for VCRI and VCR2 
10 01010 SAT2 

II OIOI Reserved 

12 01100 CD-Video 

13 01101 Reserved 

14 Ol110 CD-Photo 

15 OIII Reserved 

16 10000 Audio preamplifier | 

17 10001 Tuner 

18 10010 Analogue cassette recorder 
19 10011 Audio preamplifier 2 

20 10100 CD 

2I 10101 Audio rack or recorder 

22 10110 Audio satellite receiver 

23 10111 DCC recorder 

24 11000 Reserved 

25 11001 Reserved 

26 11010 Writeable CD 

27-31 0 Reserved 


Selected commands 


Command Meaning 

0 0 

l | 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

16 Volume + 

17 Volume — 

18 Brightness + 

19 Brightness — 

20 Colour saturation + 
2I Colour saturation — 


The RECS80 code 

The Philips RECS80 code employs pulse-distance modulation for 
data transmission, which is characterised by the fact that a High 
pulse of a defined length is followed by a pause having a variable 
length, with the duration of the pause denoting the logical state of 
the transmission bit. There are |280 defined code sequences, 
divided into 64 commands for each of 20 subsystems. Subsystems 
are defined to be various types of command receivers, such as 
television sets, video recorders and so on. In combination with 
one toggle bit and one start bit, this yields a maximum word length 
of |2 bits. 

For historical reasons, a data word of only || bits (containing 
three subaddress bits) is transmitted for subaddresses | through 7, 
which complicates the decoding software. The toggle bit is gener- 
ated by a counter in the transmitter IC that is incremented each 
time a button is pressed, but not if a button is held pressed. Con- 
sideration must be given to the fact that two toggle bits are only 
used for data transmission in the Flash mode For ICs that transmit 
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modulated infrared light, the first toggle bit takes the form of a 


start bit with a fixed length. 


The RECS80 protocol codes individual bits using pauses of differ- 
ent durations following light pulses having a fixed duration (140.8 = 
Hs). The time between successive light pulses, which determines 

the bit value, is 5.06 ms for a ‘0’ and 7.60 ms for a ‘l’ (assuming 

that a 455-kHz resonator is used in the transmitter). Although the 

length of time required to transmit a data packet varies depending 

on the transmitted command, the total interval until the transmis- start bit 
sion of the next signal (including a pause) is fixed at 121 ms. The 


modulation frequency is 38 kHz. 
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P1.7 remains open, so the switched mode 
is enabled. Pin P2.1 is tied to ground to select 
the momentary output mode. This causes the 
selected output to be active for approximately 
one second. If the button on the remote control 
unit is held pressed, the output level remains 
active for a correspondingly longer time. The 
output is Low when active, returning High 
after the timeout expires. 


64-channel remote control 

In order to realise the greatest possible num- 
ber of switched outputs with a minimum 
amount of wiring, the microprocessor must be 
fitted with suitable external hardware and 
matching software. Here the choice fell on the 
inexpensive and readily available 74HC595 
serial-to-parallel converter. 

This IC, whose operating principle is 
shown in Figure 3, consists of 16 cascaded 
flip-flops arranged in two banks. The data are 
fed in serially to FFO of the first bank. The shift 
clock signal CLK transfers the data to the out- 
puts of each of the flip-flops and thus to the 
inputs of the following flip-flops in the chain. 
After a certain number of SCL pulses, which 
is determined by the user, the Latch Clock pin 
(LCL) is clocked once to make the originally 
serial data available in parallel form on the 
outputs of the second bank of flip-flops. 

The 74HC595 also has several other useful 
features, as described below. 


Reset 

A Low level on the RESET input resets the 
internal logic (outputs disabled, all FFs set to 
zero). This feature is not used here, since the 
outputs can be disabled via the OUPUT 
ENABLE pin. After a microcontroller reset, all 
of the registers are anyhow filled with zeroes. 


Latch 

Each output can source and sink up to 35 mA. 
This is easily enough to switch connected 
loads such as LEDs or transistors, which in 
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turn can drive higher-power relays. 
The latch is enabled by a Low level 
on the OUPUT ENABLE pin, and its 
outputs retain their levels indefi- 
nitely. 


Latch Clock 

A rising edge on this pin transfers 
the data from the shift register to the 
latch. This may only be initiated 
after 64 clock pulses have been 
applied to clock in the data. 


Only as many 74HC595 ICs as nec- 
essary need be fitted to the circuit 
board. For instance, if you do not 
need more than 24 outputs, you only 
have to fit three ICs. The software 
will issue 64 clock pulses for each 
new command, so the data will auto- 
matically be properly positioned in 
the appropriate ICs. All that matters 
is that the ICs are wired in series 
with gaps in between. 

The clock output of the microcon- 
troller (P1.3) is configured as an 
open-drain output, which means 
that it needs a pull-up resistor. The 
64 outputs are available with either 
latching or momentary operation, 
depending on the selected mode. 


PCB construction 


The layout of the printed circuit 
board is shown in Figure 4. The 
receiver and decoder are located at 
the far left. If all you want to build 
is a simple remote control system, 
as previously described, you can 
saw off the portion of the circuit 
board to the right of the microcon- 
troller IC. However, in this case JP1 
cannot be fitted, so the circuit will 
only work with RC5 signals. Micro- 


address (bit 0 ... bit 7) 


> <r 
command stop bit 
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controller outputs P0.5-P1.4 are 
routed to the solder pins located 
directly below the row of LEDs. 

The optional shift register ICs are 
arranged in a loop running from left 
to right and then back, with outputs 
0-31 at the bottom edge of the board 
and outputs 32-63 at the top edge. 
Since the printed circuit board is sin- 
gle-sided, several wire bridges are 
necessary. Some of them run under- 
neath the ICs, which is another good 
reason for using IC sockets. 

In the schematic diagram, you 
can see that it is possible to use sev- 
eral different types of IR receiver, not 
all of which are pin compatible. The 
circuit board layout has been 
designed such that all of these types 
can be fitted, but you must be care- 
ful to fit the leads correctly. 

(020085-1) 
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